Abstract. In some coal-fired power plants, pipeline elements have worked for over 200 000 hours and increased number of failures is observed. The paper discuses thermal wear processes that take place in those elements and lead to rupture. Mathematical model based on creep test data, and describing creep processes for analyzed material, has been developed. Model has been verified for pipeline operating temperature, lower than tests temperature, basing on Larson-Miller relation. Prepared model has been used for thermal-strength calculations based on a finite element method. Processes taking place inside of element and leading to its failure has been described. Than, basing on prepared mathematical creep model and FE model introduced to Ansys program further researches are made. Analysis of dimensions and shape of pipe junction and its influence on operational element lifetime is presented. In the end multi variable dependence of temperature, steam pressure and element geometry is shown, allowing optimization of process parameters in function of required operational time or maximization of steam parameters. The article presents wide range of methods. The creep test data were recalculated for operational temperature using Larson-Miller parameter. The creep strain were modelled, used equations and their parameters are presented. Analysis of errors were conducted. Geometry of failing pipe junction was introduced to the Ansys program and the finite element analysis of creep process were conducted.
Introduction
In many coal-powered power plants old boiler units were replaced or modernized. In many cases the equipment used by those units have worked for over 25 years. Further operation of the units would involve large costs due to efficiency and reliability loss. Steam pipelines and pipelines branches were replaced in far less situations eg. pipeline elements made of ½Cr½Mo¼V steel, operating in some power stations for over 200 000 hours. and now many failures are observed.
An analysis were conducted for pipe connection ( Fig.1 ) which is part of steam pipeline installation in 500 MW coal fired power plant. The element connects main steam pipeline and steam gland and is made of ½Cr½Mo¼V steel [1] . Due to crack in the element there were several steam leakages. At the failure moment the element has operated for about 193 000 hours.
The analyzed pipeline connection operates in heavy wear conditions, that is: operates in creep conditions (565°C) for almost 200 000 hours with significant changes of pressure and temperature values of steam flowing inside. Changes of steam temperature lead to large temperature differences in the elements walls, and in an effect large stresses involving element wore.
Element described in the paper is a connection of main steam pipeline (with diameter of 355 mm and wall thickness of 63 mm) with steam gland pipe (with diameter of 118 mm and wall thickness of 27 mm). Geometry of pipeline connection is shown on Fig. 1 . The element is made of ½Cr½Mo¼V steel. Operational parameters are following: pressure of p=17 MPa and temperature T=565°C.
Material of Pipeline Connection Parameters
Steam pipeline elements are made of high strength materials. Parameters of the materials have to be kept also in high temperatures, that is in conditions where the steam pipelines operate. The pipeline connection is made of ½Cr½Mo¼V steel, which composition is given in Table 1 . Temperature dependent strength and thermal properties are shown in the Fig.2 . Density of ½Cr½Mo¼V steel in 20°C temperature is ρ=7800 (kg/m3). The Poison's ratio in 20°C is ν=0.29 and rise to ν=0.31 in 600°C temperature.
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Modelling of Creep Equation
Selection of an equation describing creep processes is necessary for numerical analysis. Experimental creep data were approximated by several equations. In real world operating installations creep processes usually take place in long time period but in semi constant temperature conditions. So for farther analyzes the equation modeling creep dependence on time and stress, but in chosen temperature value, was selected. The model is given by Eq. 1 and was proposed by M. Czech, A. Jakowluk and E. Mieleszka [2] : (
where c ε is creep strain, t is time, σ is stress, and c1-c3 are experimental coefficients.
For selected temperature of T=610°C calculated Eq. 1 coefficients are presented in Table 2 . The coefficients were calculated with Levenberg-Marquardt method by means of Statsoft Statistica program [3] . Proposed model Eq. 1 with calculated coefficients (Table 2) is appropriate not only for interpolation (Fig. 3) , but also for extrapolation as shown in Fig. 4 . That figure presents change of creep strain in dependence on time and stress for selected temperature of T=610°C, experimental data point are also shown.
Element numerical analysis
Selected function Eq. 1 modeling material creep and constants calculated on the base of the experimental data are the basis for further numerical analysis. Prepared function were introduced to the program ANSYS [4] . This program allows to compile own code and to include user functions written in Fortran. Analyzed gland connection were modeled in ANSYS and the finite element mesh were applied (Fig. 1 ). An analysis of the element working in creep conditions was conducted. It was loaded by the operating pressure of steam p = 17 MPa on the inner surfaces. It was assumed fixed element temperature after heating up from the flowing medium T = 565°C. In addition, the remaining boundary conditions necessary to properly carry out the numerical analysis were assumed.
After the initial calculations of stresses and strains occurring in the element three reference points were chosen (shown in Fig. 5 ). For those points computational data were collected. At the very beginning element operating a very large stress (von Mises) appears in section A, that is at the point of stress concentration on the inner edge connecting two tubes (Fig. 5) . These stresses in the short time period of operating (300 hours) fell from more than 130 MPa, to slightly above 45 MPa (Fig. 7) . Calculation of stresses in the element map of 200 thousand. hours is shown in Fig. 6 .
Despite a large decrease of the stresses in the region of point A, they are still large enough to support quick creep process. Change during creep deformation at point A are shown in Fig. 9 . In the region of point A creep strain is exceptionally large in comparison with other fragments of the structure represented by the reference points B and C (Fig. 9 ). Significant deformation in the region The map of the element deformations after 200 thousand hours of operating is shown in Fig. 10.a) , while the total deformations map is shown in Fig. 10.b) . Comparing the values of strain on these figures with the values in Fig. 8 it is apparent that the greatest influence on deformation of the element has creep process. 
Summary
Based on analysis, it can be concluded that the critical importance due to wear of the steam gland connection is a point A region and directly adjacent part of the main steam pipeline.
Due to the geometry of the element and the load applied at the beginning of operation there are high stresses of value of more than 130 MPa (Fig. 5) . With so much stress (the region of stress concentration) and temperature, creep processes taking place in this area are very quick. As a result, after about 300 hours the stress in the region of point A decreases to just about 45 MPa (Fig. 7) .
Despite the reduction of maximum stress values in the element, they are still high enough to support a quick creep process at a given temperature (Fig. 9) . Large creep deformation is observed in the area of the main pipe adjacent to the point A (Fig. 8) . Damage progresses from point A in the axial and radial direction of the main pipe.
Creep strain at point A shown in Fig. 9 of several dozen per cent are theoretically calculated values, obtained during the FEM calculations based on the used model. In practice, the deformation of that level means thermal material wear and causes cracks. The material in this region already does not transmit the mechanical load, but with the consistency of the rest of the jacket tube, the element as a whole continue to operate.
Propagation of cracks in the wall of the main pipeline goes from the inside to the outer surface and in the axial direction of the main pipeline. Creep strain at the weld foot at point B reaches 2% [5] at 161 000 hours, and 3%, after 198 000 hours of operation. In this time period at this point take place cracks in the material and pipeline leakage.
Calculations are performed for an element made of homogeneous material. In fact, such components are made with welded elements. Stress concentration regions designated by means of a finite element method coincide with the place in of weld in a real pressure element. The data confirm the performance of power calculations and analysis performed. Damage such as cracks appear in the actual elements in the areas designated in accordance with the calculation of FEM. It may also interested to consider materials with special coatings [6] . The specific computational aspects may be considered like an adjustable calculus [7] or uncertainty estimation with fuzzy approach [8] or Monte Carlo methods like a bootstrap approach [9] .
